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New Crops for Arid Lands 


Recent decades have witnessed an ap-
parent increase inthe rate of desertifica-
tion of agricultural land. In the United 
States alone there are now over 200.000 
million hectares of arid and semiarid 
range land, and there are even larger 
areas in Africa. Australia. and South 
America (1). More than one-third of our 
planet's land is now ari. Water for 
hunans and their crops is rapidly becom-
ing a critically short conmodity. 

...........
.............. 


C. Wiley Hinman 

further diminishing th;: land's crop-car-
rying potential. Tilling and baring the 
thin tQpsoils of these delicate ecosvs-
terns has caused widespread erosion. -As 
a result of these compot:ncded problems, 
the deserts advance and farming of cot-
ton and food crops be, ones increasinglt 
expensive, energv-inensive, and unpro-
ductive: indeed, growing conventional 
crops in arid regions is pro\ing to be a 
self-limiting endeavor 

.. ...... .
 

Summary, Five plants are described 	that could be grown commercially ur"der arid 
conditions, Once the most valuable 	comconent has been obtained from each plant
(ruboer from cuayule; seed oil from jojoba,. buffalo gourd, and bladderpod, and resin 
from gumweed), the remaining material holds potential for useful products as well as 
fuel. It is difficult to realize the lullpotentiai of arid land plants, however, because of
the complexities of developing the necessary agricultural and industrial infrastructure 
simultaneously. To do so, mullicompany efforts or cooperative elforts between 
government and the private sector will be required. 

The tw.o rmostt impOri:,nt r,'aSon s usu-
ally given for desertification are de-nud-
ng of"tle land through dCforesLtionl in 

ancient times and overgrazing in modern 
times. but tnan. other factors nmay 	 Cort-
tribute. F:,rmers have tapped many :vqui-
fers to sustain their crtaps, idlin some 
cases haMve depleted these nonli'etnewl'le 
underground reservoirs to such :IneXtetl 
that it is no longer econolic:l to tlse 
them. Heavy irrigation over long periods 
has increased soil salinity in many atreas. 

Cn'.Wi, Hii nmi is adjunct rian ;inn pressi at the 
Uruserit. of Aiion.a aitd is president of' ItiiinianAsvtcitie,,4535 Ea,,ttaasci L..',aita. Tuesoti,Ariztia 5718. 
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Of the approximately 350,0)0 plant
species described by botanists, only 
allout 3000 have been tried issources of 
food and other useful materials (/). We 
cItivate onlv about 100 plant species on 
a large scale, v. ith about 90 percent of 
our food coming from a dozen crops. Of 
the signilicaat crops grown tolay', none 
is xerophytic. This, there is a necd to 
identify usahle Xeric plants lhat can be 
made to prodlce Iabundantly in arid re-
glons. 

As Epstein 12) has explainedin detail,
plants in arid and sem iarid re ions 	fi 

lcseere problems of' water econtonly be-Cause the salinity Of the soil ctuses os-

motic withdrawal of waler and because 
hot, dry atmospheric conditions cause 
excessive loss of water to transpiration. 
But Epstein also saw potential in the 
desert (2): 

Despite thcse precarious conditions, the arid 
and semiarid regions arc aniong the most 
promising ones to turn Ic inour questincrease the production offood. fiber, chemi-

to 

cals, and bioniass fc: energy. The relatively
unleached soils of these regions are often 
inherently fertile. the crowing season is lMna, 
tentperattare and light intensity are high, andthi , atmospheric hunidify is low, reducing 
disease problems. All these features favor 
ag'icultural productivity if wat -r and salinity 
problems can be solved. 

Some plants have amazin; adaptive 
powers. One stch plant. commonly 
found as a highway planting in Califor
nia. is the shrub oleander. It is found 
from des ert regions to mountains, and 
seems to thrive on neglect. Clones of 
oleander flourish at temperatures as high 

as 49'C and as low as liC.and mature 
plants can adjust rapidly and completelyto dramatic temperature ch.'nges (3). 
The plant has an inherent ability to 
change its photosynthetic rate according 
to its environment. 

Although few plan's can be expected 
to be as hardy as oleander. the search for 
.,,rophytes of economic value has hardly 
started. Of the score or so that have been 

identified So tar. I have selected five for
 
discussion in this article: jojoba, guayu
ie.buffalo ikourd hladderpod, and gun
weed. Thc live ofl'er :t variety, of useful 
prodtucts. alld their devclophlent status 
ranges trol research curiositv to near
commercial. 

Jojolba 

Jojoba (Simmtmond.%it ctinensis) has al
ready received nuch publicity. Among 
the fi e plants it has closest to true 

comnetrcial status, for a nunber uf com
re aheady in
 

iriljjb lnain r 'ayiexistence. 
Jojoba grows taturally as a shrb in 
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the Sinoran Desert of the United States 
and NMexic,,. Its seeds contain about 50 
percent oil by weight (4). The oil, ob-
tained by solvent extraction or expres-
sion of the seeds (the expressed oil is 
preferred bec. :..,e it contains fewer in-
purities), is simiiar to srpcrm whale oil. It 
is remarkably resistant to bacterial deg-
radation, probably because bacteria can-
not cleave and metabolize the long-chain 
esters it contains, mostly hydrocarbons 
containing 38 to 44 carbon atoms. The 
esters are usually formed from acids and 
alcohols of equal, or nearly equal, num-
bers of carbon atoms, 

At present the primary market forjojio-
ba oil is the cosmetics indusLr,, where it 
is used in lotions, shampoos, and condi-
tioners (5). J0joba oil atd its derivatives 
have other potential uses, however, such 
as in lubricants, transmission fluids, anti-
foaming agents, and even its a replace-
ment for vegetable oil in food, for the oil 
does not become rancid. The hydroge-
nated oil is a hard. white. Liystalline wax 
with potential uses in preparing floor and 
automobile v axes, waxing fruit, impreg-
nating paper containers, and makine can-
dies that are slow burning and wilt- and 
drip-resistant. 

Maximum yields ofjojoba seed in the 
wild or under cultivation are unknown. It 
usually takes 3 to 4 years before the 
plants bear seeds and 10 years to achieve 
maximum bearing. Platts 3 to 5 m wide 
and 5 to 7 i1 high have been found in the 
wild that .'ield 14 to IS kg of clean dry 
seeds (4). Institutional and commercial 
studies are being conducted to determine 
optinun row spacing and plant density, 
ntale-to-fenale ratios, and irrigation and 

fertilization requirements. Studies of 

planting and harvesting methods and 

pest control are also in progress. Even 

though these studies have been under 

way for several years, there is 
 no con-

sensus over what constitutes optimum 

agronomic practice for jojoba. This has 
not deteried the establishment of plaito-
tions. however. Jojoba is grown "'cont-
mercially" in Australia, Egypt, Ghana. 

!ran, Israel, Jordan, Mexico. Saudi Ara-bia, and the United Staties. Most planta-
tions are small, although some. particu-
larlv in the United States, cover I00 ha 
or more. According to the Jojoba Grow-
ers Association, over I1.000 ha are 
planted injoIjoba in Arizona and Califor-
nia alone. 

The large area recently planted in jojo-
ba may convert jojoba from a cottage 
indostry to a more substantive industry, 
In i ,.i the United States produced 
about 165 tons ofjojoba oil. This exceed-
ed demand at the current asking price, 
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Only about 33 of the 165 tons was de-
rived from plantation jojoba, the major 
part coming from wild stands in Arizona 
and Mexico. These 33 tons were pro-
duced from plants on fewer than ION of 
the 11,000 lia of jojoba in Arizona and 
California, as only these were mature 
enough to bear seeds. This year the 
I I,.00 ha are expected to yield approxi-
mately 222 tons, by 19S7 33.000 tons, 
and hy 1990 over 130.000 tons. That is a 
nearly 4000-fold increase in jojoba oil 
fron plantations in 7 years. And more 
jojoba is being 1l)l:iitcd every year. New 
uses must be found if the oil is to be 
consumed, 

As noted earlier, the principal user of 
jojoba ail has been the cosmetics indus-
try. This has been true bccause of the 
oil's high selling price and limited avail-
ability. Several years ago it sold for 
about $60 per kilogram, and even last 
\,ear it was selling for $30. Today a 
kilogram can be purchased for SI0 or 
less. and the cost is projected to decline 
to approximately $4 within 3 years. As 
the price declines and the quantity in-
creases many n-\w opportunities for its 
use become attractive. This may stabi-
lize and secure the industry, 

Jojoba may become the first xeroph.yt-
ic plant to be a significant agricultural 
crop supplying multiple industries with 
raw iiaterials. This is true despite :he 

fact that a large amount of research on 

jojoba has yet to be completed. 


Guayule 

The second xerophytic plant to be-

come a commercial reality will proba'bly 

be guayule (Parth'nium argetitnm), a 
rubber-producing perennial shrub native 
to the Chihuahuan Desert in southwest-
ern Texas and northern Mexico. Its rub-
ber is virtually identical to that produced 
by the rubber tree (lhvea hrasiliensis), 
and it ", as a commercial source of rubber 
in the early 1900's. With the emergence 
of cheaper Malaysian natural rubber, 

production ceased in the 1930's.Interest in guayule was renewed dur-
ing World War II and again in 1975. In 
the latter case the attention resulted from 
a search for crops that could be grovn 
wth little water and secondarily from the 
oil embargo. Studies were initiated by 
staie and federal agencies, and in 1978 
Congress passed the Native Latex Coin-
mercialization and Development Act, 
which was to support research for 5 
years. This year Congress passed tile 
Critical Agricultural Materials Act. It 
provides for a coordinated effort, headed 

by the Department of Agriculture, of all 
federal groups involved in guayule re
search. 

In another impit0runt evelopient ,the 
Gila River Indian Community, located 
near Phoenix, has awarded a contract to 
the Firestone Tire & Rubber Conpany 
to design and build on tribal lands a 
prototype planl for processing guayule 
rubber. Firestone expects to have a pilot 
plant running in Akron, Ohio, this year. 
Construction of the Gila River prototype 
plant will begin in 1986. and the plant is 
expected to start up in 1988. For their 
part, the Gila Indian Community has 
committed itself to planting sulicient 
guavule shrubk to produce 1000 tons of 
rubber annually and states that the proj
ect is on schedule. 

Guayule can, be killed by freezing and 
is no, salt-tolerant, \\hich limits the areas 
in which it can be grown. Usually about 
0.6 m tall, it has narrow leaves and bears 
small flowers on long stems. Rubber is 
contained in a single layer of thin-walled 
cells in the stems and in the roots. The 
rubber is produced only when the plnts 
ae under stress, although the use Of 
bioregulating chemicals may alleviate 
this problem. Irrigation is initially re
quired to establish stands and to develop 
plants, and then soil water levels must be 
controlled to limit vegetative growth to 
enhance rubber production. Reliable 
data are not available on water require
ments or the effect of plant stress on 
rubber production rates. 

Existing strains yield about 1 kg of 
rubber and 0.75 kg of resins (terpenes 
and triglvycerides) per 6 kg of ground-up, 
defoliated shrub. The remaining 4.25 kg 
of material, for which there is no identi
fied use other than as fuel, is termed 
bagasse. It is estimated that this bagasse 
contains 3300 Bitu's of heat beyond what 
is needed to grow, process, and recover 
the I kg of rubber (6). 

It is still uncertain whther giaVule 
can be gro\%n economically in tht. United 
States. To make it a profitable crop, it 
will be necessary to (i) improve the 

amount of rubber in the plant throughbreeding or chemical stimulation: (ii) ex
tend the range of guayule to cheaper 
lands, such as the cold and high deserts, 
by developing appropriate culhivars: (iii) 
improve cultural practices to reduce la
bor costs and improve productivity: and 
(iv) perfect the rubber extraction process 
and by-product utilization. 

Research to date is encoua_,ing, but 
much more needs to be done. As for 
other countries, particular circtm-, 
stances in each will dictate when, a;a if, 
guayule can be successfully develaped. 
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Buffalo Gourd cessed 2 tons of buffalo gourd roots for 	 accomplished by combine. Seed yieldstheir starch. The starch was reported to 	 of overSome native arid land plants hold eco-	 I ton/ha have been obtained inbe of excellent qua!ity (9). Buffalo gourd experimentalnomic potential but are still only in the 	 plots (14). One possible 
research stage. Among these, the genus 	

is on the threshold of transition from diliculty in harvesting is a tendency toresearch to development status,Cucurbita has a group of closely related 	
ward hydrostatic dehiscence (rain causes 
the immediate opening of dried capsulesspecies of particular interest. The best loss of seed). But the polymorphicknown is buffalo gourd (Cucurbita foet-	 Bladderpod 
and 

idissima). nature of bladderpod could supply the 
The plant breeder with adequate genetic maplant, a perennial vine, repro- Of the fie genera represented by the terial to overcomeduces asexually, grows as a weed in 	 problems such as deplants described in this article, the genus hiscence. as well as to greatly increaseregions of low rainfall, and produces a in earliest research status isLesquerella. 	 yieids.large crop of seeds rich in oil aod pro- This is an oilseed 	producer native totein. A single root may weigh up to 40 kg many of the same areas in the Unitedafter three or four seasons and is nearly States and Mexico as buffalo gourd. Un-	 Gumwieed20 percent starch (7). This starch can be like buffalo gourd, however, its bil is nothydrolyzed chemically or enzymatically 	 edible but isa potential source ofchemi-to dextrins. maltose. and glucose suit-	

The last arid land plant to be discussedcals, producing hvdroxy fatty acids- has good economic potential, is relativeable for use as a sweetener in foods and chiefly lesquerolic acid-homologous to ly unknown, and produces chemicalsbeverages. It also has unique rheological 	 the ricinoleic acid (12-hydroxy-9-octa-
properties and excellent viscosity and decenoic acid) of castor oil. 

rather than food. In aduition, the bagasse 
stability for prolonged periods 

derived from it is an excellent source notat high Castor oil is the main source of hy-temperatures, making it attractive its a droxy fatty acids and the 
only of fuel but of animal feed material 

food additive. Similar to cassava 
United States and various chemicals as well. The genusroot imports approximately 60.000 tons of it is Grindelia, comprising several score ofstarch, it may have uses in preparing annually (10). This oil has many industri-	 species commonlycalled gumweed. Thesuch foods as puddings. 	 al applications, its in protective coatings, primary economic product of this spe-The vines Prow along the ground pro- plastics, and synthetic intermediates,digiouslv, and mav because of their pro-	

cies is, as might be deduced from itsand additional hydroxvlated acids may 	 common name, a sticky resin similar totein content (usually 10 to 13 percent, further extend the range of usefulness of 	 wood rosin.and digestibility (nearly 60 percent), this type of compound. Recent work The discovery of a new source ofhave forage value (8). Oil. about 35 per- indicates that when Lesquerella oil is wood rosin-like materials (naval stores)cent of the seed by weight, can be ex- polymerized to form polyesters or poly- has real economic significance. Thetracted with solvents or by mechanical 	 urethunes in the presence of polysty- vorld naval stores market exceedspressing. It has a high ratio of unsaturat-	 rene. an interpenetrating pol.mer net- 700.000 tons per year. Resinsed to saturated 	 are infatty acids, making it work isformed. These are a new class ofattractive for use 	 demand because of their usefulness in ain human foods. Lin- tough plastics (11). Domestic productionoleic acid, an essential fatty acid, 	
variety of industrial app!ications. Theycom- ofcastor oil in the United States is small, areprises about 65 percent of the total fatty 	

used in adhesives, tackifiers. paperfor the regions of the country receiving 	 sizings, andacid content of the oil. 	 many other products, andadequate rainflall to grow the castor-oil their derivatives are widely used in theThe meal -emaining after pressing or plant (Ricinus coutmuni.) can grow more 	 production of synthetic polymers.extracting the seeds contains nearly valuable cash crops such corn.asequal amounts of protein 	 Fur- The three f'Lrms of this raw materialand fiber and thermore, castor beans and their de- aremay be used in raw form 	 tall oil, gum rosin, and wood rosin:is a component fatted meal are toxic and cause allergenic 	 each is produced in a different way. Tallof animal feeds. Studies with rodents 	 reactions in workers in the field and in oil, a by-product of paper pulp mills andshow that tle protein quality of seed processing. the most abundant form, is of such inferimeal front the bufl'alo gourd is similar to One mernber of the genus, l.csquerclla or quality that it is often burned on sitethat of soytean and cottonseed meals. fendleri, often called bladderpod, holds as a iow-grade fuel. GumFrom presently available varieties it 	 rosin is obgood potential for becoming iseems reasonable to expect annual yields 	 to supply hydroxy fatty acids. 
new crop tained by slashing and tapping living pine

alabor-intensiveandIts seeds yrees. thus expenin excess of 2 ton h:_a.Daa are insuffi- contain 20 to 30 percent oil, 	and the oilcient, but root yicid may exceed 
sive operation. Wood rosin, the third8 ton/ contains 60 percent lesquerolic acid. a type, is extracted only from southernht annually. There is little if attv inh)r- 20-carbon lonohVdroxy mornocne ac I pi.e stumps ini th United States. Themation on ftbi:1gC yield. (12). It can he grown with less water and best 	 quality material comes front theCommercial development of bitd'alo on poorer soils than castor aid does notgourd is impeded by lack of adequate have the toxic and 
stumps of pines that are more than 300allergenic properties yea-s old. The U.S.and consistent support for genetic, agio- of castor beans, is expected to last no more thaln I0 to 15nomic, and process studies. Perhaps ar Bladderpod requires only 3 to 4 cnt of years.equally important barrier is tile need for rain, or its equivalent in irrigation, front Research on gumw.veed indicates thata single com panty to coordinate efforts to 	 September to April, and seems to Iirive this plantgrow bull'alo gourd at a crop 	 ntav not only prove to be anand to on calcareous, sandy, and well-draintedmanage developntent 	 ideal substitute but ntay provide conof its ntultiple soils 1/3). It occurs as a fall-spring an- pletely new Titeresins. structuralProducts. It is encouraging, however. 	 connul and has matty qualities that make 	 pontents of gtunweedthat multiple-hectare 	 resins are moreplots have been it suitable for cultivation, includiig i,menable to chemical modification thtanSeeded in Auistralia by a private compa-	 drought alrld cold tolerance. Harvest those of wood resins.ny and that a U.S. company has pro- takes place usua,lly in May aind can be Most (,rindlia species are found in28 SEPTEMBER 1984 
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arid cr semiarid habitats, and all appear 
io' produce resin acids of the orindelic 
type. One gurnw'ed, Grindelia cam-
Porum, has been singled out for research 
and development bec'usc (i) it has a high 
yield of crude resin: i) it has an upright, 
herbaceous growth habit: (iii) many ac-
cessions (populations) have an annoal 
life cycle: (iv) many accessions have the 
ability to sprout front the root crown to 
produce two crops in a sigle growitng 
season; (v) it has excellent tolerance to 
drought, salinityv, and disease; and (vi) 
the chances of :g nificait plarnt improve-
ment thiough selection and breeding ap-
pear excellent. 

Formulations of the resins hl\c been 
prepared and tested. Independent 0vaL-
ations indicate that the re.in could be 
substituted for wood ro sin in many of its 
conmercial uses, and that it is superior 
in some applications because of its great-
er thermal stabitv. 

Preliminary economnic afnaly'ses indi-
care a very fav\'orahle return on invest-
ment, \%ith resin being the sole product, 
the remaining material. bagasse, being 
valued only as a fuel. However. this 
bagasse is too valuhble to be used only as 
a fuel. Even its probable animal fcel 
value exceeds its fuel vale. It conta.ns, 
in addition to grindelic acid resins and 
the usual lignocellulosic niaterials cOrn 
mon to all biomass, an array of natural 
products, including terpenoids. s!eroids, 
polyphenois. and alkanes. The terpe-
noids and steroids may be useful in phar-
maceutical and agricultural products in 
addition to chemical starting materials 
and intermediates. The polyphenols 
could be valuable in preparing adhesives 
and thermoplastics. The alkanes are 
mostly waxes made of predominantly 
unbranched linear hydrocarbons and es-
ters. There is still a good market for 
natural plant waxes. The baasse alsocontains high molecular weight, water-

soluble polymers of possible use as en-
hanced oil recovery acents. 

" 

Conclusion 

The single-product orientation inherit-

ed 	 from present-day agriculture and the
cemica! industry must change if we arei 
to make arid land crops an economic 
reality. For example, rather than regard-
ing bagasse as a waste material to be 
disposed of, it should be considered a 
resource to he converted into Lormpeti-
tive specialty chemicals. We should be-

gin to view certain plants as multiple-
pronjuct resources: progress is being held 
back by the inertia of traditional think-
ing. 

The technical problems inherent in 
separating complex mi stures ccononi-
cally are being solved. F(.r example, Olin 
Corporation is marketing starch-biscd 
Inethyl glucoside polyols for polyure-
than, foam manufacture (15). Pentnwalt 
Corporation hopes soon to market 
starch-calcium-adduct pesticide encap-
sulating agents. Second-generation 
starch-adduct matcrials are already be-
itig evaluated (1l). 'A host of chemicals 
other than alcohol ;ire being produced 
esperimentally by fermentation, includ-
ing [,-hvdroxvbcnzoic acid, i'-hydroxy-
phenylacetic acid, vanillic acid. levulinic 
acid, adipic acid. lactic acid, butanol, 
and 2.3-butanediol (a new monomer in 
polyurethane and polyester resins). ha-
perial Chemical Industries is producing 
polyhydroxv)tyrate, a material similar 
to f~oly.ropylene but \\ith biodegradable 
propet ii.s. It should be particularly use-
fill fo, sutuies, splints, and encapsula-
tion (17). Imperial also plans to build a 
plailt to recover chemicals fron the cata-
l-zed acid hydrolysis of agricultural 
wastes 18). Battelle Columbus has de-
veloped biodegradable copolymers of 
lactic acid \wtth excellent properties that 
mimic conventional thermopltstics, and 
Goodyear Tire & Rubber Company has 
developed a new patented process for 
converting terpenes to o-dimethyl sty-
renes and cymenes (19). In addition to 
these developments, progress is beiog 
made in the utilization of the niore mun. 
dane compon'.rnts of all biomass. 

A number of companies have worked 
with ligrin for a long time, but most of 
the effort was aimed at disposing if it. 
"More recent investicatiins have been 
directed at howy to better utilize it. Newisolation procedures have been devel-

oped that yield much purer and unaltered 
lignin. Then, too, licnins derived from-7.L.Hogain 

various plant resources have different 
properties and thus provide additional
opportunities. 

Strides have been made in rcc:'nt 
years in all aspects of lignocellulose con-

version. Isolation procedures are being
pecto obtain hiehi yields of od-perfeced -quality pulp and unaltered lignin simulta-
neously. Saccharification techniques, 
both acid and enzymatic, have been 
greatly improved. There have been so 
many advances in fermenting: hexoses 
and pentoses to alcohol and other prod-

icts that it is hard to keep abreast of 
them. 

In short, encouraging progress is being 
made on all fronts of biomass conversion 
and utilization. Many wi!dl plant species, 
such as the five reviewed, yield an eco
nrnic,illy attractive pri mary product. 
Best wild-strain plant selection has not 
Vet been made in most cases, nor are the 
optimum agronomic growing conditions 
known. Even so, prelininary economic 
analyses indicate sveral to be attrac
tive. 

Perhaps the greatest deterrent to rapid 
developnient of these plants is that the 
research sponsor must be concerned 
with too many diverse problems: grow
ing, harvesting, and transporting plant 
material and then processing it into mul
tiple products. These products may O0 
nmay not require differetit marketing or
ganizations and strategies. This under
taking requires a pioneering mind set and 
expertise in a spectrum of scientific dis
ciplines. Consequently, commercializa
tion of these plants will most likely occur 
through niilticoripany efforts or cooper
ative elforls between government and 
the privale sector. 

Desnite ,hese problems, arid land 
plants hold much promise. By develop. 
ing this resource our aquifers \ill be 
conserved and the world's oil reserves 
extended. Farmers will have new cash 
crops without ruining their land and 
the companies which have the courage 
and foresight to undertake the necessary 
research and development effort will 
prosper. 
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